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AIR MONITORING AT SITF "X"
by
Jo S, Chekn

INTRODUCTICH

Atmospheriec radiation surveys at "X" were begun vwith tvo main ends
in viev, First, it vas to be established that the fimaicn products
discharged into the air 4id not comstitute & bealth harard om or
near the plant site. Second, observed radiation levels, especially
the part due to the Separations Plant atack, correlated with meteor-
ological conditions were to be used as an indicator for probable
values to be expected at"¥w",

Several meteorological instruments were installed to determine the
prevailing westher conditions of the regiom. A surmary of these
observations vas kept. Verious methoda of determining radiatien
levels were used., The latter obeervations vere correlated with
the weather data to determime controllimg fmctors.

IHSTROFNIS

The first group of meteorological instrumenmts was imstalled late i
1043, It comprised an anemameter, a wind dirscticm indicater with
recorder, ané a temperature recorder with senritive eloments at
several levels., These instruments were lnstailed on the water

- -

tower, which is located on the bighest ground on the plant site.

The follceﬁug slavation Tigures give relative poaitiomns of the
1utrment§ to cther parts of the plant.

1. Flevation of wvalley floor CTTh £2.

2, Zlevation of vater tower fottings 8687 ft.

3. Flevaticn of 100 amd 200 gtack beses 860 1%,

k. Fievatica of 100 snd 200 stacks 1060 £¢t.

5. Flevatica of wimnd imstruments 1027 &,
6. Height of thermcseters above Sover

basze, as originmelly 4catslled - a 3% 5.

b 83 rt.

c 133 e,

6 m} fto

Frem these figures 1t is evident that the wind instrments are at
approximately the level of the tops of the stacks. Alsc it cam be




seea that the vertical temperature gradient cen be ascertained in
a 150 ft. range between the top and bottom thermometers. In June
of 194k amother thermometer was installed 3 ft. above ground level.
This increased the observationsl range for temperature gradient to
180 ft. and made it more representative, since it included the
surface temperature.

A humidigraph vas added at about this time, but, since 1t was ocoly
approximate, as checked against a paychrometer, amother thermometer
with a vet wick cover wvas imstalled on the loweat point cn the
vater tover, glving recorded wet-buldb readings.

WIND THFORY

The region in which Clintom Laboratories is located lies south of

the Prevailing Weaterly belt, but sbove the belts of Northesst
Trades. Fxcept during & fev moaths of the wiater, whem the southerly
drift of the Prevailing Westerly belt brings this region under
partial influence of its cyclomic storm patha, the pressure gradieats
are very slight. It has been observed that during the four momths

of June - September 194l the total pressure variation was 0.5". Usder
these conditione there can be no strong winds, and air mass movements
are controlled by local factors. The terrain ies the most significant
of these locel fectora. The region consists of a serise of moumtain
ranges and vallays, running FF and SW. Consequently, almost half the
time during the pericd covered by these observatimms, the wind wae
either ¥¥ or SW. The other large component wind frequency is W, com-
prising 23.7% of the total. Seasonal distribution of wind direction
frequencies is sbhown in the graph, Figure 1, vhich is appended. '

WIED FINDIRGE

Thie graph showa that RF winde are fzirly general but shov scme
imcroase ia the wimter monthe., W winds ere quite a minor factor
in the summer months tut are frequent in winter. SW winde reach
their highest frequency in the summer morthe,

While wind veloccitlea of over 20 mph have been noted, the average
throughout the perliod is lees thamn 5 mph, and zero velocities oftem
occur, eapecially at night. Wind analysis has also shown that the
average is higher in winter than in summer. Dlurnal rangees show a
tendency for maximum velocities to occur betveen moonm and six E,
and minimum betveen midnight and § AM., This effect is much more
pronounced in the summer months. Figure 2, showving hourly mean
wind velocities for the months of February - Jume 1944 1llustrates
this phenomenon.
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The irregularity of the topograpbhy of the region, together with
the extremely ssall pressure gradients result in frequent 1light,
varisble winds, and considerable turbulence in the surface at-
moaphere. V¥inds in four differont directions at different levels
bave been obaserved. These crosa-curreata are especially frequeat
when the prevailing wiad cute across the moumtaim ranges. However,
a NF or SW vind, blowing up or dovm the valley ia very likely te
be steady.

INVFRSIORS

The low nocturnal average wind velocities are very conducive to
temperature inversions on cleer nights. These are reversals of
the temperature grajdient. Rormally,thetcwperature of the atmos-
phere decreases with altitude, This condition is inherently
unstable because of the decrease of denaity of air due to thermal
expansion. This causes vertical currente and turbulence, and ia
the source of cummlus clouds. Under these conditionz air mssases
will rise until their densities reach equilibrium with that- of
surrounding air throughaliabetic cocling.

An inversion way be of two origins. A wind shift may dring in an
air mass of different temperature. If the new me2ss is varmer than
the air already present, it over-rides the cooler air because of
ite lesger demsity, thus creating an inversion. If colder, the
vind-front wedges under the lighter air, snd the effect is similar,

The other type i3 that caused by nocturnal terroatial radiation.
This phencmemon occurs vhen there is little or nc wind and cloud
cover. An inversion of this type begirs za soon aa the sun sets,
or even before sunset if a location is in shadow. It ia caused
by the cooliamg of air in contact with spurface objects which be-
come cooled by radiation. If there is considerable cloud coverage,
thermal radiation is reflected to the Earth’s surface, amd the
total cooling may be very little. If there is an appreciable
wind, the turbulence caused by surface irrsgularities is usually
suffioient to cause a mixing of the coocled layer with the meim
body of air and destroy stratification.

An inversion ia a atable comdition, simce the heaviest air isal.
the lowest level. UTader these conditioma there is a temdemey
tovard stratification, which is more promounced as the negative

- temperature gradient increases. Theas imversioms break up scom
after sunrise, although they may last late into the morning if
clowds prevent insolation. Sunshine brings sboutl a quick wvarmimg
of the surface air layer, and a consequent uneta")le conditiom,
causing conwectional tur‘bulenceo
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Millimeters, i mm. lines accented, cm. lines heavy.
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Figure 3> shows the changes in the temperature gradient during
the course of an Inversion of radiational type. The first curve
{4 M) shows & normal gradient. The first signs of inversion
appear at 7 PM near the surface. The region of greatest negative
gradient (and therefore the wmost stable stratum) risee as the
night progresses. At 8 AM we have the beginning of the breakup
aud by 10 AM the norzal gradient is re-established,

Since the foolt of the tover vhere the inatrusents are located

i over 100 f%. above the valley floor, it is evident that the

inversioca started carlier in the valley and was probadly of much

greater ramge. It has been noted at various times that the ap-

pavent layer of greatest atability often passes 2bove the range

of our instruments, The positiom of this atratum is of mportanoe
in conaidering ita effect on stack gases.

RAIE?ALL

l!orml rainfall for this region (72 year records at Knoxville)
16 49.77" per year. It is fairly uniformly distridbuted except
for a slight prepomdcrence in the late winter and early spring.
Severe storms with heavy precipitation ars rare, but there wvere
a fev with 2" or more of rain, aed cne oa Septenher 29, 1944
precipitating 8.81" of raia. The latier was a Gulf atom,, the
center passing somevhat south of this area.

Relative bumidity is usuelly high, averaging well over 60% most
of the time.

Figures for cloud coverage taken locally cover only times of
cbaservation, 8 AM, Noon, and 4 PM. However, Weather Bureau
reporte show that the average cloud coverage for this region is
vell over 50%.

CONTAMINARTS _

Ag H, M. Parker pointed out im CH-2562, the chief sources of
atwmoapheric centamination are radicactive Ienon snd Icdine, which
are fission products and were discharged in the "off-ges™ from

the Separations Plant through the 205 stack, snd activated Argon
from the Pile Building through the 105 astack. Mr. Parker indicated
the relative quantitios of {he above menticned gases, as of Junme
19kk vhem the pile power level waa lower than at present, as follows:

Radiocsctive Average
Steck Isctope c /day
ics5 . Argon 200
205 Zenon in

205 Jodine 1
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The Argon activity depends upon the powsr lsvel of the pile, and

at present is about 500 c/day. The 205 operations were discontinued
on Jamnuary 3, 1945, but this decrease was partially off-set by
Xenon and Iodine discharged from the 705C and 706D Lanthanum
Separations Buildings (706C started hot operations in September

) 19&4) and 706D in May lgb‘)‘)c :

Xenon and Iodine from separations were discharged together with
considerable NO» from the chemical treatment. Since this mixture
was samewhat heavier than air, under certain conditions it tended

to fall to the ground. By following the clouds of NOs fumes, fairly
high activity could sometimes be found for short periods. Also,
since it was detectable by its odor, as well as its color, it could
be traced easily, The earliest radiation measursments were taken in
spots where these fumes reached the ground. However, evidence here
and at Hanford seems to indicate that the radioactive gases do not
always follow the NO, fumes.

Argon, activated as the cooling air passes through the pile, occurs
in much larger amounts, but has not been noted in concentration near
the ground. It has a short half-period, 110 minutes, compared to

8 days for Iodine and 5.4 days for Xencn., On the other hand its
radiations are more energetic, 1.37 Mev Y and 1.5 Mev /3 caspared to
.4 and .08 Mev Y and .68 Mev /3 for Iodine and .08 Mev Y'and .3 Mev @

for Xenon,.

External radiation tolerancss have been calculated to be 7 x 10™12
curie/cc for Iodine, 2.3 x 10~1l curie/cc for Xenon, and 1.8 x 10712
curie/cc for Argon. Since Iodine is deposited in the thyroid, its
tolerance cannot be determmined by external radiation alone, Conse~
quently, Iodine tolerance has been set at 10-13 curie/cc.

Since September 1944, on several occasions, slugs with burst jackets
were found in the pils. Such occurrences introduce other contamin-
ants in the form of fission products and Uranium in solid particles
into the cooling air,

RADIATION MEASURING INSTRUMENTS AND MEASUREMENTS,

The earliest radiaticn measurements wers taken at various times from
November 1943 to March 1944 with a Lauritsen electroscope. The
measurement s were taken when the 205 stack gases reached the ground.
Readings up to 0.1 mr/hr were obtained for very short periods. It
was noted that for short distances, radiation intensity increased
with distance.

In the courses of normal turbulence caused by wind, the stack-gases
reached the ground in greatest concentration at about seven times
stack height. In such cases the air dilution is quite large. The




Conditions under which greatest concentration may be expected
are those found at the end of an inversion in the morning. When
the "ceiling" of the inversion is above the top of the stack,

the fumes are held below it, and since there is little or no
wind when such inversions occur, there is comparatively little
dilution and the heavy fumes often drift to the ground. Also,
at the breakup of an inversion, the down-draft currents, which
develop to equalize the rising vertical convectional currents,
often bring the fumes down to the ground level.

Systematic monitoring of the area for atmospheric radiation was
begun in May 1944 by means of X~-22 chambers, These were developed
by H. M, Parker and C. C. Gamertsfelder.

The X~22 chambers are cylindrical bakelite condenser chambers

8" in length and 7" in diameter. The 1/8" walls and central
bakelite electrode are coated with aquadag. The volume is

4900 cc and the édlectrostatic capacity ~~10 cm. The walls are

of sufficient thickness to exclude most of the beta rays, so

that the discharge ncoted was almost wholly due to gamma radiation.

Half of the chambers were converted to beta sensitive instruments
by cutting 48 large holes in the walls., This process removed
about 42% of the wall material. These were then covered with
aquadag-coated cellophane, but not being able to withstand the
weather, this coating had to be discarded. It was replaced by
<001" aluminum foil, which was more durable. However, even this
was subject to weathering, and this type of chamber could be used
only for short periods.

A battery-povered portable Victoreen minometer was used to charge
and read the chambers. Full charge was ~ 140 volts., The standard
minometer scale is graduated to 100 divisions, and this scale was
extended to about 170 divisions., However, when 100 on the minometer
scale is obtained the chamber is discharged to the low value of 75
volts making the extrapolated range unreliable.

X-22 discharge rates were calibrated in terms of minometer scale
readings by means of a radium-gamma source. The solid walled, or
"gamma! chamber gave ,004 mr/div while the converted, or "beta®
chamber gave .C035 mr/div. In other words, the dlfference between
readings taken simultaneously on a gamma and beta chamber may not
altogether indicate bsta radiation.




Chamber backgrounds, i.e. discharge rates in an uncontaminated
location, were determined before each chamber was used in the

field. Causes of such discharge are insulation leakage, cosmic
rays, and the normal radon and thoron content of the air. The
cosmic rays, radon and thoron are always present and cannot be
controlled. The insulation leakage, however, depends on the
condition of the polystyrene insulation and may cover a large

range. It was found that cleaning the insulators with fine
sand-paper, then polishing with lint-free tissue paper, some-

times brought resistance leakage down to <.l div/hr. This was
determined by placing the X~-22 to be tested in an evacuated
pressure-chamber. The acceptable background reading was arbitrarily
set at < 5 div/hr corresponding to < .020 mr/hr before a gamma
chamber was considered fit for field service. Most of the chambers
‘had a background of 4 or as low as 3 div/hr corresponding to ,016

or .012 mr/hr respectively. Insulators were re-cleaned and polished
and the chambers re-tested until this range was obtained.

Barring same external cause, such as contamination, water in the
chamber, or dirt in the nozzle of the chamber, these backgrounds
sometimes remained fairly constant for several months at a time.
In the field, however, variations in background were often noted.
Consequently, in calculating field readings, the lowest readings
of a monthly period which repeated were taken as "background" of
each chamber for that period. It was assumed that a single low
reading was probably due to charging error. This question will
be discussed further in connection with the results of field
observations, ,

During March - May 1944, field tests were made with X-22 chambers.
These tests were mainly of a few hours duration each, and involved
placing the chambers in the path of "off-gas" when these fumes
reached the ground during dissolvings in 205, Values of.016 to
-0L0 mr/hr above background were obtained during these runs.
Simultaneously, readings as high as 1 mr/hr were obtained for a

2 minute interval in the off-gas stream with a Lauritsen electro-

scope.

By June 1944 nine stations were set out on and around the plant

site., At each station were two stands designed to hold two chambers
each, exposed five feet above ground level. The map, Figure 4,

shows the location of these stations. The circles appearing on

the map are centered on the 205 stack and have radii of 1/2, 1,

1-1/2, and 2 miles respectively. The locations of the several stations

with respect to the 205 stack are as follows:
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Station Diresction Distance
A-21 ® 6600 T,
A-12 B Yy?P 4700 £t,
Fast Valley b A 2100 f¢t.
Stravberry Patch w 1650 ¢,
A-8 . -] . 1900 ¢,
Rabbits Sw 800 ft.
w-1 8w ‘ 2000 ft..
W-2 SW 3700 f£t.
Dém S 10,300 ft.

In September another station, High Point, was aet up W of the
plant at a distance of 14,800 ft. '

It vas originally intended thet each station should have two
chambers, and two of the beta type. One of each type
was intended as a control on the other, and the two types were
- ‘ to give comparative values of ¢ againmet (¢ +.3 ) radiations.
In practice, the gamsa chambers were found to be sufficiently
sturdy to function vithout trouble for months at a time in’
many cases, 80 that there was usually a full complement, i.e.
two, of this type at each station. The bete chambers, however,
even with the aluminum covering proved not to be sufficiently
weather-worthy to function for more than a fev veeks at a time,
at best. Consequently there is s fairly coamplete set of data
on gawme obgervations, but that om beta chambers is fragmentary.

It may be noted that most of the statioms lie in (jrections EE,

T ané SV of the plant stacks. Simoe almost 75% of the total
observed wind blows in these three directiocns, this is a logical
distridution to check correlation with winde. The exceptiom is
the Dam station which was so placed with the purpose of gatherisg
radietion data from White Oak Lake.

It wvas immediately apparemt that there was a high degree of
correlation between wind divectiom amd high readimges to the loe
of the stacks. The offect of & ehift im vwisd toward a atatioa
was zors marked than that of a shift avay from a statiom. Im
other words, it seemed to require more time for contaminatiom

to be oleared away, though a remewal of active conteminants would
show up immediately. Zero, or rather, bdackground readings to
windvard wers found in most cases if the wind remamined steady
for » day or more.




¥hile during the period comprising June - August, 1944, maximum
readings for an 8 hour observatiocn reached .0216 mr/hr above
background at the Habbit cages, the highest monthly average value
(also at the Rabbit cages) amounted to .0082 mr/hr. Background,
as previously mentioned was about .012 to .016 mr/hr.

Theoretical rule of thumb calculations of stack effluent dilution
rates give the greatest concentration of fumes at ground level at
about 7 to 10 times stack height, at which point the fumes first
reach the ground. Then dilution increases with the square of the
number of stack lengths., Observed figures at "X" do not bear
this out.

Average monthly values for August for the various stations, to-
gether with other pertinent data appear in the tabhle below:

% of Wind
Distance monthly . Toward
Station from stack Elevation Av. mr/hr Direction Station
RC 800 ft. 880 ft. .0082 SW 24
W=l 2000 ft. . 860 ft. . O0LL SW 2L
W2 3700 ft. 860 ft. .004L Sk 2
A-8 1900 ft. 840 ft. .0026 N 9.5
SP 1650 ft. Q00 ft, - 0044 NE . 28
EV 2100 ft, 800 ft. 0031 E 18
A-12 4700 ft. 820 ft. .0012 ENE 22
A-21 6600 ft. 980 ft. .0037 E 18

It appears from the foregoing table that the above mentiocned 7 to 1
stack rule breaks down when applied to "X", RC, which is only 4
stack-lengths away has almost double the contamlnation of SP which
is 8, Also, dilution factors do not follow the exponential rule.
The discrepancies are probably dus to two causes, The greater
density of the off-gas, compared to air, often caused a drop of
clouds of the fumes much nearer than expected, unless driven by

a brisk wind. This was espscially true at the end of an inversion,
when occasionally the fumes would linger in various spots for a
considerable time. Besides this, the topography of the area pre-
vented a normal diffusicn rate. The latter having been calculated
for a flat surface with no obstruction,

For example, if ¥%~1, 3P and BV are comp ered, the distances are

found to be within the same range, but readings at EV are abouts

704 of tnose at the other two stations. The factor that seems to
explain this is that of elevation. Wl and SP are ~-80 £t. higher,
Also, when EV is compared with a=-21, both lying 4n the same direction,
A=~21 though three times as far has higher values recorded. Topo-
graphical study shows that s-21, though 380 ft. in elevation lies
between two higher hills, and this gap has a funnelling effect,
reconcentrating the zases of tha siack.




It was also estimated, by comparing of average readings on days
with and without off-gas from the dissolver, that the Argon from
ths 105 stack contributed about 80% of the field radiations.,
Since this is less than expected from the curie content of the
respective stack discharges, it appears that the 105 effluent
behaves differently from that of the 205 stack.

To begin with, at 125.000 cfm through a 5'9" stack mouth, the

speed of the stream is about 80 ft/sec. In still air, 100 ft.
above the stack mouth, the air stream will still have an upward
velocity of ~13 ft/sec. Then, since the temperature is about
200°F, it _is 27% lighter at the stack mouth than surrounding |

air at 68°F, or 37% lighter if the air is 32°F. Assuming heat
dissipation to be due to mixing alone, other factors being small,
the air stream 100 ft. above the stack mouth will still be 4%
lighter than surrounding air at 68%F or 10% lighter if the air is
at 32°F, Since during an inversion the general air temperature :
is usually low, the latter condition is appraximated. Also, during
an inversion wind velocities are low and there is less chance of
the convectional current set up in this reection to be disturbed.,
(CE~13%8).

Walkie-Talkie checks made during August at X-22 stations gave
maximum values of about twice background for two minute intervals.

On September 11, a new schedule was established for taking
field readings. Observers worked on shifts, and readings were
taken at 8 hour intervals. It was expected that this would
give a more complete and uniform set of data, and that analysis
would probably bring out the effects of temperature inversions,
and other influences. However, September alsc saw the first of
several slug ruptures in the 105 Pile, and these occurrences
introduced new factors into the problem.

A slug rupture probably occurs because of a small hole in the
container. This allows oxidation of the metal and fission
products until the pressure of the axides is too great for the
strength of the container, and it bursts open. There is then

a release of fission products, such as active Xenon and Iodine,
which would ordinarily not be free until a dissolving, after
cansiderable decay. It is also probable that solid oxides of
heavier fission products are also carrisd out by the cooling air,
these apparently settling to the ground near the plant. The
field effects are, an immediate rise in readings to more than
double the usual values and a persistent activity most noticeabls
neayest the plant stacks. The latter effect caused a rise in
chamber background which dropped somewhat aiter any considerable
rainfall, By February 1945 chamber backgrounds were at the level
of the previous summsr.




Figure 5 shows total monthly readings at Tive representative
stations together with activity indices for 105 and 205, i.e.
the pile and separations plants. These are ratios of pile power
and number of dissolvings respectively, referred to those of
June. The field values are corrected for backgrounds determined
sach month as previocusly outlined (i.e. this background is the
lowest during the month if it was repeated that month).

It is evident in general that field activity is more dependent
on ths pile activity than on the dissolver. However, it can
also be ssen that valuss from September to December are much
higher than would be expected, and that the greatest rise is
at the nearest statians, _

Assuming that all of the change in background was due to solid
particles released during slug ruptures and settling out of the
air, field totals for these same stations were recalculated on
the basis of the original chamber backgrounds. These values
appear in Figure 6. From this it appears that the residual
contamination all occurred within a mile of the plant (no effect
at A-21) and that the degree of contamination is almost inversely
proportional to the distance from the stack within this range.

Further check on this residual activity showed that there was '

a drop in background readings after any rainstorm of 1/2" or
more. Also, an experiment whereby the chambers from an uncon-
taminated area (A-8), where the background had remained constant)
were exchanged with those at the most contaminated station (RC),
showed that the background of the area rather than that of the

chambers had changed,

Figure 7 shows the correlation between wind direction and readings
down wind, The values here shown are percentages of total monthly
radiation at all stations through monthly periods recorded at the
specified stations, plotted along with percentage of total wind
flowing toward the respective stations for the corresponding pericds,
The correlation is excellent until after Sgptember when the residual
activitiss due to slug ruptures flattened the fleld curves, After
January much of this activity had cleared up, and the correlation
improved somewhat.

Short~time correlation is aften more striking, a shift in wind
toward a station bringiag about high readings, and a shift away
causing a drop to or near background readings,

Had it not been for the several slug ruptures, a much clearer
picture of the distribution of the purely gaseous contaminaats
cculd have been obtained with the stations used., Also, if the
observed values had been of greater magnitude, it migh%t have

been advisable to sxpand the program to get more complate coverage.
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As previousiy mentioned, the Dam station was comparatively

shielded fraa gasecus contaminations by topographicael contowrs.
Bovever, since it was sbout 30 ft, from the shore of White Cak
Lake, 1t served as a good monitoring unit for lake rediatioms.

At high level, a recording chart at the White Oak Dam would
reach about 6°. Whenever the water dropped below this level,
mud, previously under water would be exposed as the water level
T2ll. As the insulating effest of the water on this contaminated
mud vag removed, readings on the X-22 chambers at this statiom
rose. For exsaple, after the vater had been at the 6! level for
some time, 1t wae dropped to sbout the %' level om October 8th.
Chamber readings, meanvhile rogse from a range of zero to ,002
wr/br above background to a range of .005 to .007 mr/hr above
background. When the lake level was dropped to ebout 2° on
Hovember 21, chamber readings roae to an average of ~ 013 mr/hr.

Similar effects, to & lesser degree were noted each time there
vas some change in the lake level. It was also noted that when
the Iake level remained constant for any length of time, there
wvas a tendency for the radiatiom level to fall. This is probably
due psrtly to decay of the active materials in the exposed mud,
and partly to erosive effects of rain. '

The last station, HP, which 1= 14,800 ft. from the plant, has

an elevation of 1120 ft, It was not affected by the burst slugs.
Being almost three miles distant, readings were usually not over
.002 mr/by above background. Howsver, radiation values a4 high
as .02 mr/br have been observed. Checking the circumstances
present with readings of over .0l mr/hr, it was found that theae
usually cccurred vhen there was a dissolving in progress, a

algso that the wind was 6 or more mph toward this stetion.

Resulta obtained from beta chambers, vhen present were of not
aufficlent statistical wslidity to be more than mentioned. Read-
ings were always somevhat higher than those of gmema chambers, but,
glnce the chamber backgrounds were higher, these valuea wvere not
as relisble. Horeover, since weather produced large errors because
of moisture entering the chawbers, sven the readings cbtained were
difficuit to evaluate. :

The opart of the air monitoring program using X-22 chembers was
concluded ca March 31, 1945. A fairly complete picture of the
distribution of gaseous waates of the plant had been obtained.

It bad, moreover, been established that atmospheric contaminatiom,
even at the plant, did not exceed the order of magnitude of
oatural backgrounds. Average values for matural background is




on the order of .0l5 mr/hr, and long-term average station readings,
‘even within 1/2 aile of the plant, were on the order of ,005 wr/ur.
and lower outside this range. Values for short periods as measired
with X.22 chambers did not exceed .03 mr/hr, and these walues were
noted omly during dissolvings. Also, on cessation of dissolver
operations, the only gnsecus comtaminent ie active Argon wvhich has
to bé considered purely from the point of view of external radietion
effect. Therefore, during the course of normml operation of the
plant at "X" the health harard from atmospheric radiation is
altogether negligidie.

INTCRORS

Another of the several wethods used for air monitoring was the use
of Victoreen integrons, set in specilally desigmed housing units
at several points ranging from the plant site to Oak Ridge Village
about 10 miles distant. These installetions were made in January
19kk. The walls of the integron chambers were of about 1.6 wm
thickness of bakelite, which would admit most gamma radiations

and beta radiations with epergies greater than .7 mev. L & K
recordexs vere ugsed to record activity. : .

Since instrument backgrounds on these integrons were ,2 mr/8 hrs
or more, the scale was calibrated in mr. These instruments proved
not to be sufficiently sensitive for the low radiation levela ex-
isting in the area, and nothing of significance wes noted. Four of
the more distant installations were removed in February 1945, '

FIIM WFIFRS

To supplement the integrom coverage of the area off the plant

site, x-ray film meters vere used at the Area Gates. Regular

f£ilm badges were used, placed in a louvered box for reasons of
Security. These were read weekly beginning in April 19kk. The
lovenst meaguradble resding on this type of film 1s 10 mr. Ko

measurable readings have been noted. ’

RAIRWATFR COUNTS

Beia counta vere taken om rainvater samples vhenever there was
a pufficient amount of precipitation. Tventy-eight samples were
counted between September 194k awd Januvary 1645. These ware
evalusted in i« 4 curiefcc, The values ranged from 0.0 to

33 A s curig/cc, and averaged .09, PFurther breakiowm showed
that -
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{1) During pericds with off-gas the values
averaged .151, and .056 without off-gas.

(2) %with wind toward the rain-gauge values
averaged .123, and .059 otherwise.

(3) with both off-gas and E or NE wind*
the average was .l174.

#NOTE: The rain gauge is about 300 ft WSW of the 200 stack.

While the above values were small, the data shows good correlation
with wind direction, and indicates that washing by rain removes
more active contaminant from the dissolver off-gas than from the

105 effluent.
STACK MONITCRING UNITS

A monitoring unit for Xenon and Icdine was designed and installed
in the 205 stack during the latter part of 1944. It consisted of a
continuous sampling line which draws a small percentage of the flow
from the off-gas line, passes it through a stripper where Iodine

is removed by a caustic solution and then, after drying, through

a stainless steel ionization chamber where Xenon activity is
measured, then back into the off-gas line. The Iodine, removed in
solution by the stripper, passes through another ionization chamber
where Iodine activity is measured. The ionization current through
each chamber is measured by a Beckman amplifier and recorded by a
Micromax recorder,

Charts from this unit show that Xenon activity reaches a peak
about one hour after a dissolving begins, and after dropping to
about a third in another two hours, tapers off to zero in a total
elapsed time of av12 hours. Icodine activity shows a peak simul=
taneously with that of Xenon but after a sharp drop shortly after-
ward does not drop to zero value. This latter effect may be due
to condensation of Iodine in the Saran coil of the lodine chamber.

It was found by graphical integration that the Xenon chamber showad
72 curies for batches 272 and 273. This was twice the calculated
value. Similarly, 5.3 curies of Iodine were measured. This is

about 7% of the calculated value. It seems, then, that only

about 5 ~ 10% of Iodine generated escapes through the stack (CE=-2205).

The 105 stack has a monitoring unit for activated Argon. The gas
is sampled through a by-pass. A filter in the system removes solid
particles. The values shcwn b{ this unit follow a close ratio to
piie power level, giving ~107 3¢/ce/kw of pile powers
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Since burst slugs are found occasionally in the pile (first
one found 8/L/44), a unit was devised to capture the solid
particles released by these ruptures. This was more to be
used as an indicator for a rupture than as a monitor for
activity, since a sharp rise, scmetimes as high as twice the
normal ionization current, occurs within a very short time
after the rupture occurs. This unit was installed abaut

November 1944.
G TUSE #ONITORING UNIT

During the latter part of 1944, work was done on a scaler and
recorder circuit using thin-walled glass G¥ tube to monitor
atmospheric radiation. With the development of the ether-neon
tube (CP-2594) at the end of January 1945, this unit began
giving fairly good results.

-The installation was made about 800 ft. NW of the 105 stack.
Readings were correlated with wind direction and pile energy
indices. For this location, the readings rose approximately
L% of background above background for each mega-watt of pile
power independently.of wind direction, and about 25% to 40%
of background above background when the wind blew toward the
unit, i.e. SE wind. Since natural background is about .015
mr/hr maximum values observed hers were on the order of ,009
mr/hr above background., No valid readings were obtained while
the separations plant was in operation, so that the above values
were due to pile operations.

This method campares with the X~22 chambers in sensitivity for
low radiation levels, and has the further advantages that these
can be checked as to time of occurrence and maximum values, and
that the apparatus does not require more than a daily check.

It does, on the other hand, require a source of electrical power.

XEL32 DETERMINATION BY AIR SAMPLING

Puring November and December 1944, determinations were made

of the Xenon content of the air down wind from the plant during
205 disgolvings (CE~2209). The procedurs consisted of passing
4,500 £t3 of air through an accumulator in the course of an hour,
vhich comprised a ‘run®. Here the air was liquified., The liguid
sample was then evaporated through an apparatus which trapped the
Xenon by selective adsorption, The sample was then counted by
means of a mica~window GM tube,
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Tighteen determinations were made, at distances ranging from
150 £t. to 3 milee from the plant, but mainly between .l and
i miles. Results obtained ranged from zero to 2.8 x 10-11
curies/Tt3, and averaged 5.06 x 10~12 curies/?t3. The highest
values obtained were at .2 amd .4 miles from the plant stack.
Tolerance concentration for this gas is 3.5 x 10-7 curies/ft3.

No I3 was detected in these runs. However, the calculated
values of Iodine based on Xenon values was below the sensitivity
of the apparatus used, so none was expected.




